This study analyzes China's industrial energy consumption trends from 1996 to 2010 with a focus on the impact of the Top-1000 Enterprises Energy-Saving Program and the Ten Key Energy-Saving Projects. From 1996 to 2010, China's industrial energy consumption increased by 134%, even as the industrial economic energy intensity decreased by 46%. Decomposition analysis shows that the production effect was the dominant cause of the rapid growth in industrial energy consumption, while the efficiency effect was the major factor slowing the growth of industrial energy consumption. The structural effect had a relatively small and fluctuating influence. Analysis shows the strong association of industrial energy consumption with the growth of China's economy and changing energy policies. An assessment of the Top-1000 Enterprises Energy-Saving Program and the Ten Key Energy-Saving Projects indicates that the economic energy intensity of major energy-intensive industrial sub-sectors, as well as the physical energy intensity of major energy-intensive industrial products, decreased significantly during China's 11th Five Year Plan (FYP) period (2006)(2007)(2008)(2009)(2010). This study also shows the importance and challenge of realizing structural change toward less energy-intensive activities in China during the 12th FYP period (2011)(2012)(2013)(2014)(2015).
Introduction
As a result of rapid economic growth, China's total primary energy consumption increased from 17.7 exajoules (EJ) in 1980 to 95.2 EJ in 2010 (NBS, 2010b , 2011c ). Industrial energy consumption accounts for about 70% of China's total energy consumption (NBS, 2010a (NBS, , 2011a (NBS, , 2011b . The large share of industrial energy consumption is one of the main features of China's energy economy and warrants comprehensive analysis. Several studies have used decomposition analysis to understand the energy economy of China's industrial sector. Sinton and Levine (1994) analyzed the relative roles of structural change and real energy intensity change 1 in China's industrial sector in the 1980s using a decomposition methodology and found that real intensity change was the main factor accounting for the reduction in industrial energy intensity in the 1980s. Zhang (2003) analyzed China's industrial energy consumption in the 1990s using a decomposition methodology and showed that a decline in real energy intensity was the main contributor to industrial energy savings in the 1990s. Zhang and Sun (2010) analyzed the change in energy intensity of selected industrial sub-sectors using a decomposition methodology and found that energy efficiency improvements were the major cause of reduction in industrial energy intensity over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . A recent decomposition analysis (Xu and Zhang, 2011 ) of China's manufacturing industry shows that structural shift has more or less increased manufacturing industry's energy consumption since 2003 and real energy intensity change 2 is the driving force for energy savings.
In 2010, China published extensive revisions to its official national energy balances for the years 1996 to 2008 (NBS, 2010a (NBS, , 2010b . These revisions primarily affected the reported numbers on coal production and consumption and, in addition to the 2005 revisions covering 1998 to 2003, basically eliminated what was originally reported as a decline in primary energy use in the late 1990s. The basis of the 2010 revisions was the result of the Second National Economic Census of 2008 (Ma, 2009) . For the first time, the census scope was expanded to cover activities below the county level, providing the most comprehensive look at China's economy to date. The results of the census indicated a significant underestimation of energy consumption by enterprises and businesses at the lowest level, leading to an average 5% upward revision of annual primary energy consumption between 2000 and 2007 (NBS, 2008 , 2010a . This upward revision was primarily due to increases in coal use in industry; in 2006, for example, coal use in industry was revised up by 130 million tonnes (NBS, 2008 (NBS, , 2010a . In addition to extensive revisions of coal production and consumption, the census also led to adjustments in the structure of reported petroleum product consumption, with a greater proportion of diesel fuel being allocated to transport use. These extensive revisions of China's official energy statistics warrant in-depth reanalysis of China's industrial energy consumption.
Industrial value-added measures the net economic contribution of each industrial sub-sector and thus is ideal for energy economy analysis (Zhao et al., 2010 The main purpose of this study is to (1) examine whether China's industrial energy consumption trends in the 1980s and 1990s continued through the 2000s, especially given the revised Chinese energy statistics and our latest estimation of sub-sectoral industrial value-added; (2) examine whether the efficiency effect (or real energy intensity change) is still the main factor accounting for the energy intensity reduction in the Chinese industry; (3) assess the impact of the two major industry-related energy-saving programs and initiatives during China's 11th Five-Year Plan (FYP) period (2006) (2007) (2008) (2009) (2010) on that country's recent industrial energy consumption.
Data
The main data used for this analysis are the latest officially 4 revised industrial energy consumption data (NBS, 2010a (NBS, , 2011a (NBS, , 2011b and industrial value-added data by sub-sectors at the 2-digit level of industrial classification (DISNBS, various years; NBS, 2006 NBS, , 2009 NBS, , 2010b NBS, , 2010c NBS, , 2011c NBS, , 2011d . Industrial value-added is calculated at 2005 constant prices.
The National Bureau of Statistics (NBS) publishes the China Energy Statistical Yearbook (CESY) annually. Final energy consumption by industrial sub-sector can be found in various issues of the CESY. Because coal dominates China's energy economy, China officially uses a coal equivalent calculation for its energy statistics (NBS, 2010a (NBS, , 2010b ). Final energy consumption by sector can be calculated using two conversion methods: the coal equivalent calculation method that includes the primary energy use in power generation and the calorific value calculation method that values electricity at its heat value (NBS, 2010a) . In this study, if not otherwise noted, we adopt the coal equivalent calculation method following China's official energy statistics expressed in tonne of standard coal equivalent (tce)
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. 2 The term "technical effect" was used by Xu and Zhang (2011) in their paper. 4 Some researchers have viewed official Chinese energy and economic statistics with skepticism (Gregg et al., 2008; Rawski, 2001) . However, the official statistics remain the only main source of energy and economic data. To be consistent in this study, we primarily use the latest official statistical data.
According to official Chinese statistics, industrial enterprises are classified into enterprises above a designated size and enterprises below a designated size 6 . The industrial value-added of the enterprises above the designated size is calculated using the production or income approach 7 (DISNBS, various years), while the industrial value-added of the enterprises below the designated size is estimated using the gross output value and the "industrial value-added rate". We found that the sub-sectoral industrial value-added could be calculated from the officially released 2004 economic survey data. We adopted the income approach to calculate the sub-sectoral industrial value-added. We compared the total industrial value-added of the enterprises above the designated size calculated using the income approach with the officially published industrial value-added data (NBS, various years) and found that the difference was only 0.3%, which verified the validity of our calculation method. The industrial value-added of the enterprises below the designated size at the sub-sectoral level is estimated by assuming that the industrial value-added of the enterprises below the designated size has the same distribution by sub-sector as the enterprises above the designated size.
The industrial value-added by sub-sector from 2008 to 2010 is calculated based on the officially released annual growth rate of industrial value-added by sub-sector from 2008 to 2010 (NBS, 2009 (NBS, , 2010c (NBS, , 2011d , various years), respectively.
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6 The designated size is defined as "all state-owned enterprises and those non-state-owned enterprises with annual revenue from their principal business of over 5 million RMB" (NBS, 2010b) . 7 In theory, production approach and income approach would give almost the same results if the data meet the statistical requirements. NBS (2010a NBS ( , 2010b NBS ( , 2011a NBS ( , 2011b NBS ( , 2011c . Calculations by authors. (NBS, 2010b (NBS, , 2011c . 
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Note: (1) RMB (Renminbi) is the official currency in China. The average exchange rate of the RMB yuan for the U.S. dollar in 2005 is 8.19 yuan per dollar (NBS, 2010b). (2) Industrial value-added is calculated at 2005 constant prices
Source: Primary data from DISNBS (various years)
, NBS (2010a NBS ( , 2010b NBS ( , 2011a NBS ( , 2011b NBS ( , 2011c .
Calculations by authors.
Based on changing trends in industrial energy intensity, the development of China's industrial sector from 1996 to 2010 can be divided into three periods: decreasing energy intensity from 1996 to 2002, increasing energy intensity from 2003 to 2005, and decreasing energy intensity from 2006 to 2010.
In order to understand the change in China's industrial energy consumption, decomposition was employed using the logarithmic mean Divisia index (LMDI) method proposed by Ang (2005) . For zero or negative values which logarithmic functions cannot handle, the guidelines proposed by Ang and Liu (2007a, 2007b) were adopted. Fig. 3 and 4 show the decomposition of annual and cumulative changes in China's industrial energy consumption. Note: Cumulative change is the sum of annual incremental change from 1995 to a given year.
As shown in Fig. 3 and 4, the production effect (activity effect) was the main factor behind the rapid increase in total industrial energy consumption, which accords with the general principle that more production results in more energy consumption. The efficiency effect (real energy intensity change) significantly slowed the growth of industrial energy consumption, counteracting the rise in production.
The structural effect had a relatively small and fluctuating impact on industrial energy consumption. The cumulative structural effect from 1996 to 2010 was negligible 8 .
It should be noted that the decreasing trend of energy intensity since 1996 was reversed in 2003 . In 2005 , the value of the efficiency effect returned to largely negative and the value of the structural effect was positive but very small, which made industrial energy intensity fall below the 2004 level. From 2006 to 2010, efficiency improvement was the major factor for the decrease of the industrial energy intensity.
In order to better understand the energy intensity and decomposition results described above, we need to investigate China's economy and energy policies at the national level and look further into China's industrial sector at the sub-sectoral level.
China made great achievement in energy efficiency before 2002 (Levine et al., 2009; Lin, 1996; Liu et al., 2009) , which was reflected by a significant reduction in industrial energy intensity from 1981 to 2002 (Levine et al., 2009; Price et al., 2001 ). 8 The structural change in this study characterizes the change of economic contribution of industrial sub-sectors to the overall industrial sector, measured in terms of sub-sectoral industrial value-added. The structural change below sub-sector level, such as the change of composition of different products within one sub-sector is not captured by the calculated structural change. 9 The top six energy-consuming industrial sub-sectors in China are ferrous metals, chemicals, non-metallic minerals, fuel processing, power, and non-ferrous metals (NBS, 2010a (NBS, , 2011a (NBS, , 2011b 
Assessment of the impact of the Top-1000 Program and the Ten Key Projects
Based on energy intensity analysis, we assessed the impact of the two major industry-related energysaving programs and initiatives in China during the 11th FYP period. Specifically, we assessed the energy savings of the Top-1000 Program using economic energy intensity and assessed the energy savings of the Ten Key Projects using physical energy intensity of major energy-intensive products.
Assessment of energy savings of Top-1000 Program
The Top-1000 Program was one of the key initiatives for realizing China's 20% energy intensity reduction goal during the 11th FYP period. The program set energy savings targets for China's Top-1000 Enterprises that are all found in the nine largest energy-consuming industrial sub-sectors in China 11 . China's Top-1000 Program was modeled on international target-setting programs called voluntary or negotiated agreement programs (Price et al., 2010; Price et al., 2011) . The government provided guidance to the enterprises and established energy-savings targets for each enterprise. Detailed calculations of the energy savings of the Top-1000 Program have not been released publicly. In addition, the detailed energy intensity and industrial value-added data for the Top-1000 Enterprises are also not publicly available. Thus, it is difficult to directly verify the reported energy savings. Therefore, we estimate the energy savings from a more general industrial sector perspective. In theory, the reported energy savings of the Top-1000 Enterprises can be checked by comparing the program results to the overall savings achieved by China's top nine energy-consuming industrial sub-sectors during the program period. The average energy intensity of the nine industrial sub-sectors to which the Top-1000 Enterprises belong is thus used in this analysis. The incremental energy savings of the nine industrial sub-sectors can be calculated by multiplying the industrial value-added of the nine industrial sub-sectors in year y by the difference of the average energy intensity of the nine industrial sub-sectors in year 1  y and year y. Table 1 shows the estimated energy savings of the nine selected industrial sub-sectors.
The Top-1000 Enterprises accounted for about 47% of the industrial energy consumption in 2004 (NDRC, 2006b) . To make the comparison, we assume that 47% of the energy savings of the nine sub-sectors in each year were achieved by the Top-1000 Enterprises. NBS (2009 , 2010a , 2010b , various years), NDRC (2006b . Calculations by authors. (NDRC, 2007 (NDRC, 2009 
from the total energy savings in the period of 2006 to 2008 reported in November 2009 (NDRC, 2009).
This estimate shows the claimed achievement and effectiveness of the Top-1000 Program can be demonstrated in reported industrial subsector data, despite limited available data. It appears reasonable to conclude, then, that the Top-1000 Program achieved -and even exceeded -its target based on the overall national-level trends of the nine largest energy-consuming industrial sub-sectors.
Assessment of energy savings of the Ten Key Projects
The Ten Key Projects was another important energy efficiency initiative launched by the Chinese government during the 11th FYP period (NDRC, 2006a) . The Ten Key Projects focused on the following ten areas: coal-fired industrial boiler (kiln) retrofits, district cogeneration, waste heat and pressure utilization, petroleum conservation and substitution, motors energy efficiency, energy system optimization, building energy conservation, green lighting, government agency energy conservation, and energy saving monitoring, testing and technology service system building. Thus, the Ten Key Projects include a very wide range of potential energy-savings areas and industry is one of the major components.
The overall target of the Ten Key Projects was to save about 240 Mtce (7.03 EJ) (excluding oil substitution) by the end of the 11th FYP period. Additionally, a goal was that the energy intensities of major products in key industries reach or approach the advanced international level achieved at the beginning of 21st century via the implementation of the Ten Key Projects (NDRC, 2006a).
It is reported that the Chinese central and local governments invested large amounts of funds into the Ten Key Projects (NDRC, 2011a). However, we could not find reporting on the official figures of the energy savings of the Ten Key Projects. In September 2011, NDRC released a series of summary reports of the programs and initiatives launched during the 11th FYP period, including the Ten Key Projects and the Top-1000 Program. In the Ten Key Projects summary report, NDRC pointed out that the target of the Ten Key Projects was to save about 240 Mtce (7.03 EJ) of energy, but did not report how much energy was actually saved. Instead, NDRC reported that the Ten Key Projects built up 340 Mtce (9.96 EJ) "energy savings capacity", which has essentially the same meaning as "energy savings potential" 12 .
NDRC (2011a) reported that the implementation of the Ten Key Projects achieved economic and social benefits such as: (1) improving energy efficiency; (2) promoting advanced energy-saving technologies; and (3) developing energy conservation and environmental protection industries. However, as recently pointed out , it is impossible to accurately evaluate the total effects of the Ten Key Projects because NDRC provided only very limited information about these benefits. Here we try to assess some of the energy savings from the very limited public information of energy intensity reduction reported by NDRC.
NDRC reported that the Ten Key Projects significantly improved energy efficiency (NDRC, 2011a). Table 3 shows the reported and estimated final energy intensity reduction of major energy-intensive products in China during the 11th FYP period. It should be noted that the energy intensities listed in Table 3 are all reported or estimated according to the reported figures, which are not necessarily consistent with the estimated energy intensities from our own research. For example, the comprehensive energy consumption per tonne of steel reported by NDRC is low, but it does not indicate that the energy intensity of steel production in China has now reached the advanced international level. Actually, it is mainly due to the large differences in energy statistical boundaries and calculation methodologies, such as China's practice of using a conversion factor of 1 kilowatt-hour (kWh) to 3.6 megajoules (MJ) for electricity in its comprehensive energy intensity calculation
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, which significantly reduces the reported energy intensity value. (2012), ERI (2010 ), NDRC (2011a , SERC (2009 SERC ( , 2010 , Zeng (2009 , 2010 ), Zheng (2011 (CIEE, 2012; ERI, 2010; SERC, 2009 SERC, , 2010 Zeng, 2009 Zeng, , 2010 Zheng, 2011 Given the reduction in energy intensities, the incremental energy savings in year y can be calculated using the following formula:
where P is the output of one certain product in year y, The annual output of each product is shown in Table 4 , and annual and cumulative energy savings from 2006 to 2010 of each product are shown in Table 5 . As shown in Table 5 , a total of 5.83 EJ (199 Mtce) of final energy savings (calorific value calculation) could have been achieved if the energy intensity reduction of major energy-intensive products is solely attributed to the Ten Key Projects. As pointed out by Price et al. (2011) , some of the energy savings of the Ten Key Projects most likely overlap with the savings of the Top-1000 Program.
We note that the estimated total final energy savings of major energy-intensive products (199 Mtce, or 5.83 EJ) is close to the target (240 Mtce, or 7.03 EJ). The estimate, combined with reporting "energy savings potential" instead of actual energy savings, indicates that evaluation of the Ten Key Projects (except major industrial products) is difficult given the broadness of the projects and the lack of effective target tracking and evaluating. As pointed out in a recent study , program design of the Ten Key Projects could be substantially improved by following international best practice.
Conclusions
With rapid economic growth, China's energy consumption increased significantly since the 1980s. By 2010, China's annual industrial energy consumption increased by 134% over the 1996 level. From 1996 to 2010, China's industrial energy intensity generally decreased, but experienced large fluctuations during the period of 2003 to 2005.
Decomposition analysis shows that the production effect (activity effect) was the dominant factor for the rapid growth of China's industrial energy consumption. The efficiency effect (real energy intensity change) was the major factor that slowed the growth of industrial energy consumption. The efficiency effect slowed the growth of industrial energy consumption in most years during the period of 1996 to 2010, except in 2004. The structural effect had a relatively small and fluctuating effect on industrial energy consumption over the period of 1996 to 2010. The cumulative structural effect from 1996 to 2010 was negligible, indicating the challenge of the Chinese government's goal to achieve more structural change.
In 2005, the Chinese government set a mandatory target for energy intensity reduction for the 11th FYP period. This target effectively slowed the growth of industrial energy consumption, although it could not deter the overall increase in industrial energy consumption.
Since 2005, China's industrial energy intensity has continued to decline significantly. An assessment of the two major industry-related energy-saving programs and initiatives during China's 11th FYP period, specifically the Top-1000 Program and the Ten Key Projects, indicates that both economic energy intensity of major energy-intensive sub-sectors and physical energy intensity of major energy-intensive products decreased significantly. The contribution of the Top-1000 Program and the Ten Key Projects is large in terms of energy savings, although it is difficult to disentangle the impact of the Ten Key Projects from the Top-1000 Program because of the overlaps that occurred in these two programs.
China has made significant progress in industrial efficiency improvement. Energy efficiency improvement will still be a key policy strategy for the Chinese government to achieve its industrial energy intensity reduction target during China's 12th FYP period (2011) (2012) (2013) (2014) (2015) 14 . The central government recognizes that structural change must also be addressed. As the physical energy intensities of energyintensive products approach international advanced levels, structural energy savings will show more and more potential in energy intensity reduction. However, this analysis shows that structural effects have had a relatively small influence on energy consumption to date while the production effect has been the dominant influence. Thus, new policy strategies are needed to promote energy-saving structural change, as well to calm energy-intensive production.
